Background-Adults with congenital heart defects (ACHD) face long-term complications related to prior surgery, abnormal anatomy, and acquired cardiovascular conditions. Although self-care is an important part of chronic illness management, few studies have explored self-care in the ACHD population. The purpose of this study is to describe self-care and its antecedents in the ACHD population.
Introduction
Fifty years ago only one third of children born with congenital heart disease survived to 10 years of age, but today 90% of children survive to adulthood and over one million adults are living with congenital heart disease (ACHD). 1, 2 Although the majority of adults had surgical repair in childhood, they are not cured. Surgical sequelae and residual defects cause late complications such as arrhythmia, heart failure, and the development of renal, pulmonary, and hepatic comorbidities. 3 With the exception of those with mild heart defects, complications are universal and require lifelong surveillance and illness management. Although self-care is a vital component of chronic illness management, little is understood about the practice of self-care in ACHD. A small number of studies have provided beginning evidence indicating that low levels of self-care may be a significant problem for persons with ACHD. Between 40-60% of adults, for instance, are not engaged in routine care, 4, 5 and up to 85% do not meet physical activity recommendations. 6 Further, at least 20% of women do not attend pre-pregnancy counseling despite high rates of maternal and fetal complications. 4, 7 Lower levels of self-care have been associated with poor health outcomes. In ACHD, those with a three-year lapse in care are over three times more likely to require emergent interventions, receive additional diagnoses, and experience more symptoms, 5 and those who are less physically active have greater reductions in functional capacity. 8 Thus, improving self-care may be an effective means of reducing ACHD morbidity, but the development of interventions to promote self-care is limited by the lack of evidence regarding antecedents of self-care in this population. Few have studied ACHD self-care behaviors and there is no consensus on the individual and clinical factors that may explain self-care. Furthermore, no studies of self-care in an adult cohort of patients with congenital heart disease have examined typical antecedents important in other chronically ill populations such as knowledge, behavioral characteristics of self-efficacy or depressive symptoms, and social support. The purpose of this study is thus to describe the practice of self-care and identify possible antecedents of self-care, so that meaningful interventions to improve self-care behaviors can be designed for the ACHD population.
Methods
Given its holistic perspective and utility in the similar acquired heart failure (HF) population, antecedent factors were chosen based on the Family and Self-Care Framework (Figure 1 ), including individual, clinical, behavioral, and family-related factors. 9 A cross-sectional, descriptive study design was used to describe self-care and to determine the relationship antecedent factors and self-care.
Sample and Setting
After receiving IRB approval, all eligible adults were recruited from a large ACHD clinic located in the southeastern US. Eligible adults were identified through medical chart review and recruited directly from clinic appointments. Inclusion criteria included 1) aged 18 years and older, 2) having moderate or severe CHD per American Heart Association/American College of Cardiology guidelines 18 , and 3) English-speaking. Exclusion criteria were 1) developmental delay impairing ability to independently complete surveys, 2) adult diagnosis of ACHD, and potential confounders of a walking test including 3) current pregnancy, 4) disability preventing ability to walk, and 5) less than one month post-op from cardiac surgery. A total of 341 persons were screened for eligibility; 168 (49%) did not meet inclusion criteria and 23 (12%) declined participation. Of the 150 patients consented, 132 (88%) completed baseline data collection.
Procedures
Once informed consent was obtained, participants completed a six-minute walk test (6MWT) and received study surveys. Participants completed surveys at the clinic appointment or at home either electronically via a secure, electronic database survey system or via paper surveys. Clinical information was collected via medical chart review. Participants were compensated with a parking voucher and $10 gift card.
Measurement
Self-Care-Self-care was operationalized as three separate constructs: maintenance (behaviors that maintain physiologic stability), monitoring (attention to changes in symptoms), and management (response to symptoms when they occur). Self-care was measured using the 32-item Self-care Index for ACHD (SCI-ACHD), a modified version of the Self-Care in HF Index. 11 Subscales of self-care maintenance, monitoring, management (completed only by persons experiencing heart-related symptoms in past month), and selfcare confidence were scored independently. Scores were standardized on a 100-point scale with higher scores reflecting higher levels of self-care.
Individual and Clinical Characteristics-Sociodemographic variables (age, gender, race, educational level, marital status, employment status, and insurance status) were collected by self-report. Clinical variables (type and severity of heart defect, NYHA Class, comorbidities) were collected via medical chart review. Severity of heart defect was classified as moderate or severe based on AHA guidelines. 38 The Charlson Comorbidity Index (CCI), widely used in the acquired HF population was used to measure comorbidity severity. 12 ACHD Knowledge-ACHD Knowledge was measured using a 22-item survey developed by the investigator and based on the ACHD Patient Health Passport, a 7-page booklet used to store personal health information, including health history, health risks, and self-care needs. 13 All questions are scored as correct or incorrect, summed for total score and then standardized on a 100-point scale.
Behavioral Characteristics-Behavioral characteristics evaluated in this study included depressive symptoms and self-care self-efficacy. Depressive symptoms were measured using the Patient Health Questionnaire-9 (PHQ-9), a widely used 9-item, self-reported scale 14 with excellent reliability in ACHD populations (CA of 0.88). 15 Self-care selfefficacy, or perceived confidence in self-care ability, was measured using the 6-item selfcare confidence subscale of the SCI-ACHD.
Family Factors-Family factors measured in this study included family self-care selfefficacy and parental overprotection. Family self-care self-efficacy, or perceived support for self-care from family, and was measured using the 4-item Stanford Chronic Illness Family, Friends, and Community Self-Efficacy Scale. 16 Language related to friends and community was removed from questions so that family remained the only support mechanism. Parental overprotection, a rating of attitudes and behaviors of parents in the first 16 years of life, was measured using the Parenting Bonding Inventory Overprotectiveness subscale, 17 a 13-item scale with excellent reliability in the ACHD population (CA=0.89). 18
Data Analysis-Descriptive statistics were analyzed for all study variables. All instruments were scored in accordance with author guidelines and Cronbach's α was calculated for the instruments not previously tested in the ACHD population. Bivariate relationships between individual, clinical, knowledge, behavioral, and family antecedents and each self-care construct (maintenance, monitoring, management) were determined using Pearson's correlation. Multivariate stepwise regression analysis was used to statistically evaluate the relationship between antecedent factors and each self-care construct. All antecedent factors (age, gender, race, education, insurance status, marital status, CHD severity, comorbidities, NYHA Class, depressive symptoms, self-care self-efficacy, parental overprotection, and perceived family support) were included in regression analysis. Factors entered the model at a .10 level of significance and stayed in the model at a .05 level of significance. Dichotomized data was used for race (white, nonwhite/other), education (high school graduate, any college or more), insurance status (private, public/uninsured), marital status (married/living with partner, widowed/divorced/single), and NYHA Class (I/II, III/ IV). Multicollinearity was tested for in each regression model and no confounding was present (variance inflation factor <2). All data was analyzed using SPSS version 22 and an alpha set at 0.05.
Results

Sample Characteristics
Participants were on average 36 years old with slightly more females than males ( Table 1 ). The majority of participants were Caucasian, had at least some college education, and private insurance. Approximately half of participants were married and had severe CHD, with the most common diagnoses being single ventricle physiology, Tetralogy of Fallot, and Transposition of the Great Arteries. The average participant was NYHA Class II and had 2 comorbidities. Mean for CHD Knowledge was 70.7 [SD, 13.5], with only 8% scoring at or below the 50 th percentile indicating overall average to high levels of knowledge. The majority of participants had no depressive symptoms, but 15 (11.4%) persons screened positive for major depressive disorder and were followed-up according to study protocol. On average, participants scored somewhat to very confident on their self-care self-efficacy (mean 74.4 [SD, 13.9]). Participants were on average very confident in the support for selfcare they received from family (mean 33.2, [SD 7.8]). Fifty-six (42.4%) of participants screened positive for parental overprotection (mean 12.6 [SD, 7.8]).
Internal consistency reliability for the SCI-ACHD was acceptable (self-care maintenance, CA=.62; self-care monitoring, CA=.73; self-care management, CA=.60; self-care confidence, CA=.83). Reliability of the ACHD Knowledge Survey was less than adequate, CA=0.59. Low internal consistency is evidenced in other knowledge surveys in this population and may indicate low conceptual relatedness between items. 22 Reliability of the Stanford Chronic Illness Family, Friends, and Community Self-Efficacy Scale was excellent (CA=.83).
Description of Self-Care
Overall, persons scored a mean of 67.5 [SD, 13.7] on self-care maintenance, 57.2 [SD, 15.6] on self-care monitoring, and for the 86 persons who indicated that they experienced heart-related symptoms in the past month, a mean of 59.2 [SD, 18.7] on self-care management. Based on a cut-off score of 70 suggested by the developers of the original Self-Care Index for Heart Failure, less than half of the participants (44.7%) performed adequate levels of self-care maintenance, and only 27.3% and 23.3% performed adequate levels of self-care monitoring and management, respectively. 11
Factors Associated with Self-Care
Individual factors: Being older, male, having at least some college education, and having public insurance/uninsured were all moderately associated with self-care (r=.19-.37, p<.05) ( Table 2 ). Clinical factors: Having more comorbidities and being NYHA Class III/IV had a small to moderate association with self-care (r=.23-.30, p<.05). No statistically significant relationship was found between knowledge and self-care (r=.05-.06, p>.05) Behavioral factors: Lower levels of depressive symptoms and higher levels of self-care self-efficacy had a moderate relationship with self-care (r=.24-.32, p<.05). Family factors: Higher confidence in family support was moderately associated with self-care (r=.18-.29, p<.05).
Regression Analysis
The results of the multivariate analyses are summarized in Table 3 . In the final model for self-care maintenance, self-care self-efficacy, education level, gender, perceived family support, and the Charslon Comorbidity Index, explained 24.8% of the variance in maintenance behaviors (R 2 =.248, F(5, 123)=9.44, p<.001). Participants who were more confident in their abilities to perform self-care behaviors, had more than a high school education, were men, had higher levels of perceived family support, and a higher Charlson Comorbidity Index (indicating greater severity or number of comorbidities) had higher levels of self-care maintenance. In the final model for self-care monitoring, age, depressive symptoms, self-care self-efficacy, and NYHA Class explained 23.2% of the variance in monitoring behaviors (R 2 =.232, F(2, 124)=10.66, p<.001). Participants who were older, had higher levels of depressive symptoms, higher levels of confidence in abilities to perform self-care behaviors, and were NYHA Class III/IV (versus I/II) had higher levels of self-care monitoring. In the final model for self-care management, NYHA Class and self-care selfefficacy explained 9.4% of the variance in levels of self-care management (R 2 =.094, F(2, 80)=5.27, p=.007). Participants who had higher levels of confidence in abilities to perform self-care behaviors and were NYHA Class III/IV (versus I/II) had higher levels of self-care management.
Self-care self-efficacy was the only antecedent factor that significantly contributed to each construct of self-care, explaining 10%, 2.3%, and 4.2% of the variance in self-care maintenance, monitoring, and management, respectively. Adequate levels of self-care maintenance, monitoring, and management (SCI-ACHD score >70) were found in 22%, 29%, and 20% of persons with the lowest tier of self-care self-efficacy versus 68%, 40%, and 39% of persons with the highest tier of self-care self-efficacy, respectively ( Figure 2 ).
Discussion
This is the first known study to report overall self-care levels in the ACHD population, and the results indicate that suboptimal self-care is common. Specific self-care behaviors frequently reported as suboptimal were physical activity, pregnancy related behaviors (birth control use and pre-pregnancy planning), stress reducing behaviors (recreation, sleep), and monitoring or management of symptoms. Low levels of physical activity and pregnancy planning are consistent with the current literature. 6, 7, 20 Level of symptom self-care has not been previously reported, but is unsurprisingly low, as persons with ACHD may be less likely to see a change in their condition due to adaption to functional limitations over a lifetime. These particular self-care behaviors may be strategic areas for intervention development.
The factors associated with self-care behavior in this population included multiple domains of influence in concordance with the FSC Framework. Individual characteristics of self-care in this study included age, gender, and education level. Older age predicted higher levels of self-care monitoring, which may reflect the experience that older persons have with complications and symptoms. Females had lower levels of self-care maintenance, which may be due to the low levels of pregnancy-related self-care behaviors reported. However, this finding is consistent with other populations of chronically ill adults. 21 The relationship between lower education level and self-care is also a consistent finding across multiple chronic conditions, including adults with other lifelong conditions. 22, 23 Race, marital status, and insurance status were not found to be predictors of self-care in this study. A lack of racial disparities in level of self-care is consistent with other studies on selfcare behavior in this population. 24 Marital status and insurance status, however, are often important predictors of level of self-care in other chronically ill populations. Persons who are in supportive marriages are known to have higher levels of self-care in acquired HF. 25 In this study, half of participants were married, but most participants indicated that they had high levels of confidence for support from family whether they were or were not married. Adults with a lifelong condition may have access to broader family support since their families were their primary caregivers in childhood. In other populations, lack of insurance is known to influence self-care through access to care, and lack of insurance has been cited as a primary reason persons with ACHD have lapses in routine care. 26 However, no relationship was found in this study.
Clinical characteristics of self-care in this study included NYHA Class and Charlson Comorbidity Index, but not type or severity of heart defect. This indicates that functional severity, rather than structural severity of ACHD is most important for self-care in this population. This finding is significant because while functional severity is an important classification of disease severity in the acquired HF population, it is not commonly used in the ACHD population. Instead, disease severity is classified by structural severity. In the similar adult cystic fibrosis population, disease severity also lacks significance in relationship with self-care. Rather, treatment burden is a critical factor, highlighting the importance of functional disability as a target for self-care interventions in adults living with a lifelong condition irrespective of starting point, i.e., type of heart defect. 27 The direction of the relationship between self-care and functional severity is an interesting but not uncommon finding in other populations. Persons with greater functional limitations (lower NYHA Class) performed higher levels of self-care. Being sicker may indicate that a person is more experienced in dealing with his or her condition or more attuned to self-care needs due to being more symptomatic. Personal experience with ACHD may be an important factor in level of self-care, as it is in the acquired HF population. 23 Increasing number and severity of comorbidities was significantly related to higher levels of self-care maintenance in this study. Comorbidities tend to increase the burden of self-care through complex medication regimens, difficulty distinguishing symptoms, and disease management conflicts. 23 In the acquired HF population, for instance, comorbidities are associated with lower medication and diet adherence, difficulty interpreting healthcare professionals' instructions for multiple illnesses, and decreased self-efficacy. 23 In this study, the relationship was opposite. That is, persons with more comorbidities were more likely to have higher levels of self-care maintenance. Of note, persons had on average only 2 comorbidities in this study, whereas in the acquired HF population, persons commonly average five or more comorbidities. 28 A window may exist in which one or two comorbidities increases awareness and motivation to perform maintenance behaviors, but a higher number of comorbidities increases self-care complexity too much and reduces ability to perform maintenance behaviors. More objective clinical measures, such as ventricular function, may also be important antecedents of self-care, but were not explored in this study.
ACHD Knowledge was not associated with self-care in this study. Although knowledge is recognized as an important prerequisite of self-care, the lack of association has been reported in other populations. 23 ACHD knowledge overall was average in this study, slightly better than the low levels of knowledge previously reported in this population. In a recent study in the acquired HF population, a lack of relationship between knowledge and self-care was explained by the interaction between knowledge and psychological distress. 29 Persons with higher levels of depression and anxiety may be less likely to recognize or respond to symptoms despite have adequate knowledge of self-care.
Behavioral characteristics associated with self-care included self-care self-efficacy and depressive symptoms. The importance of self-care self-efficacy for self-care is consistent with other chronically ill populations including the similar adult cystic fibrosis population. 11 In this study, depressive symptoms and self-care were related as expected, but the direction of the relationship was inconsistent with other populations. 23 Higher level of depressive symptoms was related to higher level of self-care monitoring. It is possible that persons with higher levels of depressive symptoms may be more vigilant in watching for changes in their symptoms, whether or not this increased attention leads to better outcomes. Other behavioral characteristics unexplored in this study may also be important for self-care such as health beliefs and anxiety.
Family characteristics are increasingly recognized as an important factor influencing level of self-care in chronic illness, and in this study, a significant relationship was found between perceived confidence in family support and self-care maintenance even after adjusting for multiple individual, clinical, and behavioral antecedent factors. 9 Support from family is generally positive, but it has also been shown to have a negative influence on self-care through critical or controlling behavior. 30 Children growing up with a chronic illness experience more controlling behaviors, and in persons with ACHD, parental overprotection in childhood has been associated with symptoms of anxiety, health distress, and activity limitations. 18 In this study, however, parental overprotection had no relationship with selfcare. It is possible that other family factors, such as current family functioning, may be more important. From a clinical perspective, family is an integrative part of ACHD care, and future research should continue to pursue which factors could be targets for self-care interventions.
Limitations
Although this study fills an important gap in understanding ACHD self-care, it is not without limitations. First, validated measures of ACHD self-care have not been previously established in the literature. Although the instrument developed by the researcher in this study is based on a well-validated instrument in acquired HF, it may require additional revisions to improve reliability and validity. Also, self-care was measured via self-reported surveys and may not reflect actual behavior. Second, cross-sectional and descriptive design does not allow for the determination of cause and effect relationships. This study did, however, allow for the exploration of many potential antecedents of self-care to generate future hypotheses and guide intervention development. Also, participants were recruited from one ACHD center, potentially limiting generalizability of findings and causing selection bias as adults followed in non-specialty centers or those not currently engaged in routine care (as high as 60% in the United States 26 ) were not included. The importance of antecedent factors of self-care may vary in these groups. Although multiple factors were identified as important for self-care, there may be other factors not represented in this study that may add to explanation of variance in self-care. Factors important in other populations include cognition, sleep, health literacy, patient-physician interactions, and general social support. 23 
Conclusions
The distribution of congenital heart disease has changed dramatically over the last four decades, with the burden of disease shifting from the acute, life-threatening illness of the newborn to the chronic, life-limiting illness of the adult. 2 Evidence-based treatment and management of ACHD remains in its early stages, with the first AHA/ACC guidelines published just six years ago. 10 The role of self-care, a vital component of chronic illness management, also remains evidence-scarce in this population. Overall, this study indicates that a large portion of persons with ACHD perform suboptimal levels of self-care. Certain behaviors may be particularly important for improvement including physical activity and pregnancy-related. Although some predictors of self-care in this study were nonmodifiable (age, gender, education level), these factors may help to identify persons at risk for suboptimal self-care. Modifiable risk factors including self-care self-efficacy and perceived confidence in family support may be important targets for future interventions to improve self-care in the ACHD population. Another important finding in this study was the difference between self-care maintenance, monitoring, and management. Varying factors best explained these constructs, indicating both the complexity of self-care and the importance of targeting different subpopulations or different interventions based on the aspect of self-care that is trying to be improved. Future research is needed in to shape guidelines and policies to support ACHD self-care. This study is an important first step in expanding the evidence-base for the specific antecedents associated with self-care in ACHD that will lead to the development of evidence-based interventions supporting self-care, and ultimately, improved quality and quantity of life for the ACHD population.
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